IT has been shown that the curative dose in irradiation of tumours is a relative quantity dependent upon the state of resistance of the host. Having established the median effective dose for the treatment of the C3H mammary adenocarcinoma in situ, it was subsequently demonstrated thatwhen the resistance of the tumourbearing animals was deranged by total-body irradiation, a significant decrease in the radiosensitivity of the tumour occurred (Cohen and Cohen, 1953a, 1953b (1940) showed that F2 hybrids, a cross between low-tumour and high-tumoiir mouse strains, bearing a mammary carcinoma originating in the high-tumour parent stock, exhibited a natural resistance evidenced by a moderate incidence of of spontaneous regressions, and were readily cured with a relatively small dose of radiation known to be alniost ineffective against the same tumour in the susceptible parent strain.
RADIOBIOLOGY OF THE C3H MOUSE MAMMARY CARCINOMA:
EFFECT OF IMMUNOGENETIC FACTORS ON TIRE RAD10-SENSITIVITY OF THE TUMOUR TREATED IN SITU.
A. COHENANDL. COHEN.
From the Experimental Oncology Laboratory, Radiation Therapy Department, Johanne,8burg, General Hospital.
Received.for publication April 20, 1954. IT has been shown that the curative dose in irradiation of tumours is a relative quantity dependent upon the state of resistance of the host. Having established the median effective dose for the treatment of the C3H mammary adenocarcinoma in situ, it was subsequently demonstrated thatwhen the resistance of the tumourbearing animals was deranged by total-body irradiation, a significant decrease in the radiosensitivity of the tumour occurred (Cohen and Cohen, 1953a, 1953b) . Conversely, a state of relative genetic resistance in the host can result in a marked increase in the radiosensitivity of a tumour. Oughterson, Tennant and Lawrence (1940) showed that F2 hybrids, a cross between low-tumour and high-tumoiir mouse strains, bearing a mammary carcinoma originating in the high-tumour parent stock, exhibited a natural resistance evidenced by a moderate incidence of of spontaneous regressions, and were readily cured with a relatively small dose of radiation known to be alniost ineffective against the same tumour in the susceptible parent strain.
In the following experiments, the curative dose for the C3H mammary carcinoma growing in reciprocal F, hybrids derived from high mammary tumour C3H strain and low-tumour strain mice is determined. All individuals of the F, generation are susceptible to transplants of the parent strain tumour and show no spontaneous regressions, yet the relative genetic incompatibility of this host tumo-tir relationship should, if radiosensitivity is dependent on host-resistance result in a significantly lower curative dose than that required by the same tumour in the parent strain. Any similar effects attributable to the milk-factor could also be detected by comparison between the reciprocal hybrid groups.
MATERIALS AND METHODS.
Animals.
In a preliminary experiment, 80 Peacock (1953) , reduces the probability of " infection " in the FFC with milk-factor from the CM male parent.
The incidence of spontaneous mammary tumours in old factor-harbouring (C3H x stock albino) F, females, which were observed for over a year and inadvertently force-bred, was at least 70 per cent. No mammary tumours were noted in the corresponding, similarly treated, factor-free females, and it was considered that the presence of the milk-factor in the C3H niale parent exerted little or no influence on this group. The reciprocal hybrids of the CBA-C3H cross were observed for considerably shorter periods, diiring which some spontaneoiis tumours had already made their appearance in FHC females aged 7 to 9 months, while none had appeared in the FFC reciprocals.
Tumour.
The tumour tissue used in the following experiments consisted of established homo lasts of the CM mammary adenocarcinoma which had not been passaged niore than once or twice from spontaneous tumours arising in females of the C3H/Cg strain. In order to avoid undue variation as a result of prolonged residence in hybrid hosts, the tumour was transplanted directly from the CM to the Fl hybrids except, in one experiment, where a tumour growing in a hybrid was deliberately used. In each series of tumour inoculations, coRateral groups of CM mice were implanted as controls. Recipients consisted of random groups of both sexes, weighing approximately 20 to 25 g. The technique of homoiotransplantation has been described in detail in the first paper of this series (Cohen and Cohen, 1953a (Cohen and Cohen, 1953b (Braestrup, 1944) Fig. I show the reasonably svmmetrical distribution in both genetic subgroups when a logarithmic transforination of the volume scale is employed. The mean-log of the volume in cubic millimeters of the FHC group is 2-12 (± 0-08), while the mean-log-volume for the FFC group is 1-85 (± 0-08), which is significantly smaller.
While unequivocal comparisons between the C3H and hybrid groups could be made with confidence, it was considered possible that, as a result of the variations in growth rate within the hybrid hosts, smaller tumours might be more readily cured, and the FFC group consequently biased in favour of a higher curerate. A more objective test of the maternal influence per se could, however, be obtained by ehminating from the analysis sufficient animals from the opposite extremes of the distributions, in this case the 6 largest tumours in the FHC and the 6 smallest tumours in the FFC mice (shaded areas in Fig. 1 proportion of cures in eacli groiip analysed by the probit metliod (Fig. 2) , estiiiiating for each category, the i-iiedian effective dose and its standard error, the indixidual variance, and the linearitv or othem-ise of the probit regressioii lille.
In the preliniinai-v experiiiieDtwith the heterooeneotis hybrids, the excessive in(lividtial A-ariation aiid obviotisly noii-iioriiial distribittion obsciii-es iiiter-gi-otil) differences and renders detailed statistical analysis unprofitable, alfliom"i 'a roiigh estiiiiate of the 1,I) froiii pooled da-ta cai-i be obtaiiie(I bNT inspectimi of Fig. 2 . In the secoii(t expei-iii-ient a total ot 72 iiiiee fi-oiii botli geiietic stibgroups (FHC and FFC) were ii-radiated at three (lose levels. The (Table I) and plotted on the log-probit co-ordinates of Fig. 2 Preliminary experiment.
The results of treatment in situ at 6 different dose levels of the C3H inammary tumour growing in reciprocal F, hybrids derived from the OH strain and the mixed albino stock are shown in Fig. 2 4 (+ 0-05*). The magnitude of this ratio compared to its standard error shows the difference in radiosensitivity of the two groups to be highly significant (p < 0-0001). (Cohen and Cohen, 1954) .
At the LD50 level, the relative radiosensitivities, evidenced by the dosage ratio between the C3H and FHC groups is 1-13 (+ -07*), and that between the FHC and FFC groups is 1-29 (± -08*). The former ratio, compared with its standard eiror, indicates that the genetic effect per se, in spite of the complicating matemal influence, is probably significant (p = 0-05) ; while the latter shows that the effect attributable to the milk factor alone withift the hybrid mice is highly significant (p < 0-001). The relative importance of these ratios, however, necessarily varies with the curative level t-ested, the maternal influence having the greater effect at doses above the median effective range. In order to eliminate any possible bias introduced by the greater average volume of the tumours in the FHC mice compared with those of the FFC group, a small number of animals bearing tumours of extreme size were discarded in the manner previously described, so as to equate the mean log-volumes of the two groups, and the probit analyses repeated on the remaining matched tumours. This correction, however, does not alter the magnitude of the parameters or affect materially the significance of the differences between them. Further, comparison of the proportion of tumours cured within each class-interval of Fig. 1 On the other hand it is also apparent from Fig. I that within each genetic subgroup, the cured tumours tend to a smaller volume than the non-cures. These differences, however, are not signific'ant, since the experiment was not designed to test the effect of tumour volume per se on radiosensitivity and contains insufficient data for this purpose. The question of the relative importance of genetic factors and of tumour size per se in determining radiosensitivity, is probably meaningless, since the smaller, more slowly-growing homoplast may itself be a manifestation of genetically-conditioned host-resistance (Eichwald, 1953) . From the foregoing it ma be concluded that, althougb the presence of the matemal factor enhances tumour growth-rates (Barrett and Morgan, 1949) , and larger tumours may be less readily cured than smaller ones, nevertheless the matemal influence does affect radiosensitivity of the C3H tiimour growing in reciprocal hybrids, even when the effect of gross variation in size is eliminated. Both genetic and ex.tra-chromoso- Barrett and Deringer (1952) and Barrett, Deringer and Hansen (1953) have described an apparently permanent adaptive change, namely an enhancement of the tumour's ability to grow in resistant backcross mice, which occurs in the C3H mammary carcinoma as a result of one transmission through susceptible F, hybrid hosts. Using as a source of tumour a homoplast growing in a factor-free hybrid and know-n to be radio-sensitive, the hypothesis that the tumour was inherently radiosensitised, as a result of this sub-passage, was tested and found to be untenable. This does not, however, exclude the possibility that prolonged serial transmission through such hosts would eventually modify the stability and radiosensitivity of the tumour; but under the conditions of this experiment, the radiocurability of these homoplasts in the three genetic categories proved to be virtually identical with the response obtained with a directly passaged C3H carcinoma. It is concluded, therefore, that the reaction of the hybrid host to the parent strain tumour is the primary determining factor. A similar phenomenon, in which host-reaction seemed to determine the radiosensitivity of the tumour, was observed when induced radiosensitivity in previously attenuated homoplasts growing in C3H mice was lost when these were transplanted to other hosts (Cohen and Cohen, 1954) .
SUMMARY.
The median effective dose for the C3H adenocareinoma growing in C3H hosts was shown to be 5700 r. The median effective dose for this tumour growing in factor-harbouring (OH X CBA) F, hybrid hosts is 5100 r. and for the same tumour in the reciprocal (CBA x OH) F, hybrids, presumably factor-free, is 3950 r. The differences between these groups are significant, although all three groups of mice were uniformly susceptible to the tumour and showed no overt manifestations of resistance. It appears, therefore, that the radiosensitivity of a tumour is a quantitative measure of subhminal host-resistance resulting from immunogenetic differences in the host-tumour relationship, including extrachromosomal factors.
The mechanisni involved was further elucidated when a tumour growing in a factor-free F, hybrid, and known to be curable with 4200 r, was sub-passaged to mice of the three genetic groups. The homoplasts responded to treatment in the same manne'r as the directly passaged parent strain tumour in the corresponding hosts, indicating that no inherent radiosensitisation of the tumour cells per se had occurred.
All the facilities required for the maintenance of the animals used in this investigation were generously provided at the South African Institute for Medical
